A series of reintroduction programs have reestablished fisher (Martes pennanti) populations to a large part of their former range. Horizontal starch-gel electrophoresis of 20 presumptive gene loci was used from 1996 to 1998 to investigate gene dynamics in 4 remnant fisher populations (sources) and 4 reintroduced fisher populations from the northeastern and Great Lakes regions of the United States. Mean multilocus heterozygosities, mean number of alleles per locus, and percentage polymorphic loci were 0.027-0.090, 1.2-1.6, and 10.0-30.0, respectively, in the 8 populations surveyed. Significant allelic frequency differentiation was detected among the 4 source populations and among the 4 reintroduced populations, but a significant proportion of the genetic variance was partitioned only among the 4 reintroduced populations. Pairwise comparisons between each source and its associated reintroduced population indicated that only older reintroductions have attained significant differentiation of allelic frequency from their sources. Significant heterozygotic deficiencies were detected for statewide populations and regional populations within states, suggesting that breeding biology of the fisher, presumably among females, is creating levels of finescale genetic structure within populations.
Habitat fragmentation, habitat loss, and excessive harvesting have caused declines in wildlife populations throughout the world (Frankham 1995) . Reintroduction programs have become an important tool in restoring or augmenting such wildlife populations (Griffith et al. 1989) . Reintroduction programs that release small numbers of individuals risk lowering the level of genetic variability within populations and increasing the degree of population differentiation among the reintroduced populations (Baker and Moeed 1987; Fuerst and Maruyama 1986; Gorman and Kim 1978; Leberg 1990; Nei et al. 1975; Wright 1931 Wright , 1951 . Maintaining high levels of genetic diversity is thought to be important to population viability through the influence of * Correspondent: rodw@fnr.purdue.edu heterozygosity on population growth rates, metabolic costs, and individual adaptability to new environments (Mitton and Grant 1984) . There has been a growing concern as to the effect of reintroduction events on patterns of genetic structure and genetic relationships among restored wildlife populations (Leberg 1990; Leberg et al. 1994; Rhodes et al. 1995a ). Moreover, establishment and maintenance of genetic variation are now recognized as levels of biological diversity requiring conservation by the World Conservation Union (McNeely et al. 1990 ).
The fisher (Martes pennanti) is an exclusively North American mustelid that historically occurred throughout the extensive forested regions of Canada and the northern United States (Hagmeier 1956 ). Fishers oc-curred throughout the majority of Canada, below the Northwest Territories, and included 3 southern extensions that reached the United States (Foresman, in press ). The westernmost extension followed the Coastal Mountain Range in the Pacific Northwest into California. The 2nd extension followed the Rocky Mountains into Idaho and Wyoming, and the 3rd extension occurred in the northeastern United States as far south as southern Illinois and North Carolina (Foresman, in press; Powell 1993) . During the early 1900s, extensive unregulated logging and trapping caused drastic population declines and widespread extirpation of fishers throughout much of the United States (Balser and Longley 1966; Bradle 1957; Irvine et al. 1964; Petersen et al. 1977 ; T. L. Serfass et al., in litt.; Williams 1962) . As a result, the only remaining viable populations of fishers in the United States occurred as remnants in remote regions of the Moosehead Plateau of Maine, the Adirondack Mountains of New York, the White Mountains of New Hampshire, northeastern Minnesota, and along scattered regions of the Pacific Coastal Mountains in the western United States (Brander and Books 1973; Powell 1993) .
Studies conducted in the United States demonstrated that in areas with increasing fisher densities, there appeared to be a concomitant decrease in densities of porcupines (Erethizon dorsatum- Balser and Longley 1966; Coulter 1960; Hamilton and Cook 1955; Petersen et al. 1977) . Thus, the idea of using the fisher as a biological control agent sparked widespread fisher reintroductions across much of this species' former range. The fishers' potential as a biological control agent, its valuable pelt, and its aesthetic value made it a frequently reintroduced furbearer in North America (Berg 1982; Irvine et al. 1964; Weckwerth and Wright 1968; R. M. Williams, in litt.) . Since the initial 1947 reintroduction in Nova Scotia, there have been Ͼ17 fisher reintroductions in the United States and Canada with Ͼ1,000 individuals released.
The reestablishment of wildlife populations through reintroduction programs provides an opportunity to investigate effects that this management practice has on the genetic structure of a species (Baker and Moeed 1987; Boone and Rhodes 1995; Leberg 1990; Leberg and Ellsworth 1999; Leberg et al. 1994; Rhodes et al. 1995a; Scribner and Stuwe 1994) . Records for most reintroduced populations of fishers are complete with respect to source population, number of individuals released, and location of the release site. Thus, this species provides an excellent model to assess effects of reintroductions on the gene dynamics of source and reintroduced populations.
We examined effects of reintroductions on genetic parameters of fisher populations. Our 1st objective dealt with assessment of overall levels of genetic variation within fisher populations. Specifically, we estimated levels of genetic variation (i.e., multilocus heterozygosity, alleles per locus, and percent polymorphic loci) in 4 source and 4 reintroduced populations of fishers from the north-central and northeastern United States. Our 2nd objective assessed population differentiation and partitioning of genetic variance. To elucidate effects of reintroductions on gene dynamics in this species, we examined populational differentiation and partitioning of genetic variance within and among source and reintroduced populations of fishers and at a local geographic scale.
MATERIALS AND METHODS
Study populations.-New Hampshire, Maine, New York, and Minnesota have been used heavily as source populations for fisher reintroductions across the United States. In this study, we examined 4 successfully reintroduced fisher populations (i.e., West Virginia, Connecticut, Vermont, and Wisconsin) that were associated with Ն1 of those source populations. Relationships between each source and its associated reintroduced population have been well documented ( were reintroduced in 1969 (Pack and Cromer 1981) . The 2nd occurred in western Connecticut where 30 fishers were released during -1990 . Maine served as a source of fishers (n ϭ 124) for reintroduction into Vermont in 1959 -1967 Wood 1977) . Subsequently, Vermont provided 4 fishers for reintroduction into western Connecticut in 1989 (Personal Performance Reports, in litt.). Wisconsin used 2 source populations to reintroduce fishers into the Nicolet and Chequamegon National Forests. Sixty fishers, 18 from New York and 42 from Minnesota, were released into the Nicolet and Chequamegon National Forests in 1956 -1963 (Irvine et al. 1964 Powell 1993) . Wisconsin received an additional 60 fishers from Minnesota (released into the Chequamegon National Forest) in 1966 -1967 (Petersen et al. 1977 .
Sample collection and electrophoresis.-Biologists collected muscle and liver samples from 8 states during the fisher trapping seasons in 1996-1998 through cooperative arrangements with Purdue University. We received 292 tissue samples from fishers in Connecticut (n ϭ 12), Maine (5), Minnesota (64), New Hampshire (14), New York (25), Vermont (121), West Virginia (18), and Wisconsin (33). Muscle and liver samples taken in the field were stored on wet ice or liquid nitrogen until they could be transferred to freezers (Ͻ20ЊC). All participating biologists shipped samples to the laboratory on dry ice using the most expedient means available. We stored all samples at Ϫ70ЊC until analysis.
Horizontal starch-gel electrophoresis (Manlove et al. 1975; Selander et al. 1971; Williams et al. 1999 ) of muscle and liver samples was used to detect genetic variation. After an initial screening of 51 enzyme systems, 15 enzymes encoded by 20 presumptive gene loci were surveyed for genetic variation in fishers (Table 1) .
Genetic analyses.-We determined polymorphisms through direct side-by-side comparison of the migration of proteins relative to the most common electromorph. Genotypes were unassignable for Ͻ1% of the total sample. We used BIOSYS-1 (Swofford and Selander 1981) a AC 6.1 ϭ amine-citrate 6.1, TC 8.0 ϭ tris-citrate 8.0, TC 6.7 ϭ tris-citrate 6.7, TM 7.4 ϭ tris-maleate 7.4, PK 8.2 ϭ Poulik discontinuous tris-citrate 8.2. correction for small sample size was employed for chi-square analyses (Levene 1949 ). Genetic variability measures (i.e., mean multilocus heterozygosities, mean number of alleles per locus, and percentage polymorphic loci) were calculated for all populations of fishers sampled and tested for compliance with Hardy-Weinberg expected frequencies using chi-square analyses. Additionally, we pooled populations (n ϭ 292) to obtain an overall measure of the level of genetic variation in fishers from the northeastern and Great Lakes regions of the United States.
Population comparisons.-We examined data using specific population-level comparisons to address questions regarding effects of reintroduction programs on patterns of genetic structure. Populations were placed in 1 of 2 categories based on their reintroduction histories. The 1st category contained those populations that served as reintroduction sources (Maine, Minnesota, New Hampshire, and New York), and the 2nd category comprised reintroduced populations (Connecticut, Vermont, West Virginia, and Wisconsin; Fig. 1 ). We used chi-square analyses (Workman and Niswander 1970) to test for evidence of significant allelic differentiation among sets of source and reintroduced populations sampled. Genetic structure within and among source and reintroduced populations of fishers was assessed using Weir and Cockerham's (1984) f, F, and . Those parameters were similar to the traditional F-statistics (Wright 1951) , F IS , F IT , and F ST , respectively (Cockerham 1969 (Cockerham , 1973 ). Spearman's rank correlation (r s ) was used to determine whether mean multilocus heterozygosities, mean numbers of alleles per locus, and percentage polymorphic loci (no criterion) were associated with sample sizes from the 8 populations surveyed or with founder sizes of reintroduced populations. We pooled founder numbers for those correlation analyses involving reintroduced populations initiated from multiple sources (i.e., Connecticut receiving individuals from New Hampshire and Vermont, founder size ϭ 34; Wisconsin receiving individuals from New York and Minnesota, founder size ϭ 120). Moreover, to minimize effect of sample size on our correlation analyses involving founder sizes and genetic variability, a subsample of 12 individuals was used to calculate genetic variability measures from each reintroduced population (based on our lowest sample from a reintroduced population in Connecticut).
Paired comparisons.-The parameters , F, and f (Weir and Cockerham 1984) and chisquare tests (Workman and Niswander 1970) of allelic frequencies were used to assess levels of genetic differentiation between reintroduced populations and their associated sources. All pairwise comparisons between source and reintroduced populations were made (Fig. 1) . We also compared pooled data from New Hampshire and Vermont to Connecticut and from Minnesota and New York to Wisconsin. Moreover, we checked for presence or absence of shared alleles between each source and its associated reintroduced population.
Local comparisons.-We analyzed data from Vermont (n ϭ 121) to assess genetic structure of fisher populations at a local geographic scale. The population in Vermont was segregated into 3 subpopulations occurring in the northern (n ϭ 45), central (n ϭ 29), and southern (n ϭ 42) regions of the state. The parameters , F, and f (Weir and Cockerham 1984) and chi-square tests (Workman and Niswander 1970) of allelic frequencies were used to assess genetic structure within and among the various regions of Vermont.
BIOSYS-1 (Swofford and Selander 1981 ) was used to calculate chi-square analyses. Unless otherwise specified, significance level for all chi-square tests was set at P Յ 0.05. Genetic Data Analysis (Lewis and Zaykin 1999; http:// chee.unm.edu/gda/) was used to calculate f, F, and and perform significance tests on these parameters using bootstrap confidence intervals (95%).
RESULTS
Mean multilocus heterozygosity (direct count), average number of alleles per locus, and percentage polymorphic loci (0.95 criterion) were 0.042, 1.8, and 15.0, respectively, for all populations combined (n ϭ 292; Table 2 ). Single locus heterozygosities ranged from 0.003 to 0.240 using data from all populations combined. Among the 20 loci surveyed, 9 (aspartate aminotransferase-2, creatine kinase-2, lactate dehydrogenase 1-2, malate dehydrogenase-2, mannose-6-phosphate isomerase, peptidase 1-2, and phosphoglucomutase-3) were monomorphic in all populations sampled.
Single locus heterozygosities and allelic frequencies of polymorphic loci for each population surveyed varied across loci and populations (Table 3) . Among the 8 populations surveyed, mean multilocus heterozygosities ranged from 0.027 to 0.090, mean number of alleles per locus ranged from 1.2 to 1.6, and the percentage polymorphic loci (0.95 criterion) ranged from 10.0 to 30.0 (Table 2) . Thirteen of the 51 locus-population combinations (polymorphic loci only; Table 3 ) deviated significantly from Hardy-Weinberg expected genotypic proportions. In each case, devia- tions from Hardy-Weinberg expectations were the result of heterozygote deficiencies.
Heterozygosities for the 8 populations were not associated with sample size (r s ϭ Ϫ0.455, P ϭ 0.257), but associations between sample size and both mean number of alleles per locus (r s ϭ 0.822, P ϭ 0.012) and percentage polymorphic loci (no criterion; r s ϭ 0.771, P ϭ 0.025) were detected. We detected 3 unique alleles (i.e., occurring in only 1 of the populations): 1 each in New Hampshire, Wisconsin, and Vermont (Tables 2 and 3).
Population comparisons.-We detected differences in allelic frequencies among the 4 source populations ( 2 ϭ 115.27, d.f. ϭ 33, P Ͻ 0.001). However, (0.091) from the comparison of the 4 source populations did not differ from zero (P Ͻ 0.10; Table  4 ). We also detected differences in allelic frequencies among reintroduced populations ( 2 ϭ 128.91, d.f.ϭ 42, P Ͻ 0.001), and (0.057) from the comparison among reintroduced populations was significantly larger than zero (Table 4) . Heterozygosities (r s ϭ 0.400, P ϭ 0.600) and percentage polymorphic loci (no criterion; r s ϭ Ϫ0.258, P ϭ 0.742) of the 4 reintroduced populations were not associated with founder size, but associations between numbers of founders and mean number of alleles per locus (r s ϭ 0.949, P ϭ 0.051) were detected. It should be noted, however, that lack of association between heterozygosity or polymorphisms and founder size may be a consequence of the low power of the test (i.e., using only 4 reintroduced populations in the correlation analysis).
Paired comparisons.-Our pairwise comparisons of allelic frequencies between source and reintroduced populations indicated differences at 4 of the 6 possible comparisons. We detected differences (Table 4) . We detected heterozygote deficiencies (i.e., positive f-values; Table 4 ) within all populations.
Out of the 66 possible pairwise compar-isons of reintroduced populations and their sources (6 pairwise comparisons at 11 variable loci), 16 alleles found in source populations were absent in the populations they founded. Conversely, 12 alleles found in reintroduced populations were absent in their founder populations. In general, alleles that were absent in either source or reintroduced populations were low frequency alleles (average ϭ 0.022). In 2 instances, however, alleles that were in high frequency in reintroduced populations were rare or absent in populations that founded them (e.g., Wisconsin versus New York and Minnesota, EST-2; West Virginia versus New Hampshire, IDDH; Table 3 ). Local comparisons.-We detected no differences in allelic frequencies among local populations of fishers in Vermont ( 2 ϭ 28.23, d.f. ϭ 26, P Ͻ 0.347). The -value for the local comparison of fishers in Vermont also was not greater than zero (Table  4) . However, we observed a large significant heterozygote deficiency within regional populations of fishers of Vermont (f ϭ 0.235; Table 4 ).
DISCUSSION
It has been suggested that mammals, terrestrial carnivores in particular, have somewhat lower levels of genetic variation compared with other taxa (Kilpatrick et al. 1986 ). However, past electrophoretic studies assessing levels of genetic variation in mustelids have indicated different and contradictory results, and average heterozygosities reported for mustelids range from 0.000 to 0.170 (Hartl et al. 1988; Kilpatrick et al. 1986; Lidicker and McCollum 1997; Mitton and Raphael 1990; Serfass et al. 1998; Simonsen 1982; Williams et al. 1999) . Our results indicate that the mean multilocus heterozygosity of fishers (H ϭ 0.042) is slightly above that of mammals in general (Nevo 1978 -H ϭ 0.039, 46 species; Wooten and Smith 1985-H ϭ 0.036, 138 species) and that both average heterozygosity and percentage of polymorphic loci in fishers are within the range of values reported for other mustelid species (Hartl et al. 1988; Kilpatrick et al. 1986; Lidicker and McCollum 1997; Mitton and Raphael 1990; Serfass et al. 1998; Simonsen 1982; Williams et al. 1999) . However, average number of alleles per locus in fishers is the highest yet detected in mustelids (Hartl et al. 1988; Kilpatrick et al. 1986; Lidicker and McCollum 1997; Mitton and Raphael 1990; Serfass et al. 1998; Simonsen 1982; Williams et al. 1999) .
Our best estimate of historical levels of genetic structure among populations of fishers comes from analysis of partitioning of genetic variance among source populations. Source populations sampled in our research are thought to be remnants of the once ubiquitous distribution of fishers in the northeastern and north-central United States (Powell 1993) . While our data suggest that a large proportion of the total genetic variance might have been partitioned among source populations ( ϭ 0.091), our estimate of was not significantly different from zero.
In contrast, our analyses of the reintroduced populations indicated that a significant proportion of the genetic variance was partitioned among populations despite the fact that several of these populations share common sources. For example, populations of reintroduced fishers in West Virginia, Vermont, and Connecticut originated from source populations in New Hampshire and Maine (Fig. 1) . Fishers from the Northeast (i.e., New York) also were reintroduced into populations located in the Great Lakes region (i.e., Wisconsin; Fig. 1 ).
Changes in allelic frequencies in reintroduced populations compared with their founding populations are a function of the initial sampling of genes from the source population and the effect of random genetic drift (Fuerst and Maruyama 1986; Griffith et al. 1989) . Studies of reintroduced populations of bighorn sheep (Ovis canadensis), pronghorn antelope (Antilocapra americana), and alpine ibex (Capra ibex) provide examples in which shifts in allelic frequen-cy have resulted in genetic differentiation between reintroduced and source populations over relatively small numbers of generations postrelease (Fitzsimmons et al. 1997; Lee and Fairbanks 1998; Scribner and Stuwe 1994) .
Our pairwise analyses of reintroduced fisher populations to their sources revealed no evidence of partitioning of genetic variance ( ഡ 0), but 4 of the 6 comparisons did reveal significant allelic differentiation. While sampling error and genetic drift probably contributed to the differentiation observed, each reintroduction event where significant differentiation in allelic frequencies occurred between reintroduced populations and their sources occurred Ն30 years in the past (New Hampshire into West Virginia, Maine into Vermont, New York into Wisconsin, and Minnesota into Wisconsin). In the case of Wisconsin, which received fishers from New York and Minnesota, significant differentiation in allelic frequencies was detected even when the data for Wisconsin were compared with data from its pooled sources. For both comparisons in which no differences in allelic frequencies were detected between reintroduced populations and their sources (New Hampshire versus Connecticut and Vermont versus Connecticut), the reintroduction event had occurred within the past 10 years. Lack of allelic differentiation between Connecticut and its founding populations was observed even when data for Connecticut were compared with data from New Hampshire and Vermont combined.
Effects of random genetic drift are most prominent in populations founded with low numbers of individuals, and rare alleles are especially likely to be lost during population bottlenecks (Allendorf 1986; Leberg 1992; Wright 1931) . Our pairwise comparisons between reintroduced populations of fishers and their founding sources revealed that 16 low-frequency alleles detected in the source populations were not present in the reintroduced populations. Absence of these alleles in the reintroduced populations of fishers is probably a consequence of the initial sampling error of alleles during the reintroduction event, sampling error associated with our survey of genetic polymorphisms in the reintroduced populations, and genetic drift in the reintroduced populations. Our data support all these potential mechanisms for absence of polymorphisms in reintroduced populations. The samplingerror hypotheses are supported by evidence of strong positive correlations between measures of sample or founder size and average number of alleles per locus, thereby demonstrating a relationship between genetic variation observed and both sample and founder size. Divergence of allelic frequencies between pairs of reintroduced and source populations also suggests that genetic drift and sampling error might have influenced loss of source alleles from their associated reintroduced populations.
Our pairwise comparisons between reintroduced populations and their founding sources also revealed that 12 alleles found in reintroduced populations were not detected in their sources. Further analysis of these data indicate that 8 of these 12 instances occur in the comparison of Maine (n ϭ 5) to Vermont (n ϭ 121) and thus are probably a consequence of sampling error associated with our survey of genetic polymorphisms in the population in Maine. However, large increases in frequencies of alleles within reintroduced populations that were rare or absent in their founding sources provides further evidence that genetic drift and sampling error of alleles, during the initial founding events, may have contributed to divergence in allelic frequencies of reintroduced populations from their sources. Such increases in allelic frequency occurred at the IDDH locus in the West Virginia population (increase from 0.000 to 0.156) and the EST-2 locus in Wisconsin (increase from 0.039 to 0.242; Table 3 ).
Considerable variation exists in the degree of social structure exhibited by mammalian species. Differences in behavioral characteristics such as mating tactics, terri-toriality, philopatry, and dispersal all play important roles in determining the magnitude of social organization and genetic structure of species in the landscape (Chesser 1991a (Chesser , 1991b Chesser et al. 1993; Rhodes and Chesser 1994) . The most appropriate data that we collected with which to address the question of whether social structure and concomitant fine-scale genetic structure exists in fisher populations are those from Vermont.
Results of our local analysis of fishers from Vermont indicate that Ͻ1% of the genetic variance present in the statewide population is partitioned among its north, central, and southern subpopulations. This result basically confirms that, at the local scale, populations of fishers in Vermont contain genes in about the same frequencies. However, our analysis also indicated that significant heterozygote deficiencies occurred within the local populations of fishers (f ϭ 0.235) and over the statewide population as a whole (F ϭ 0.231). Such heterozygotic deficiencies can often indicate presence of genetic structure at biological levels (e.g., breeding groups) below the scale at which sampling occurred Rhodes et al. 1995b; Svoboda et al. 1985) . Occurrence of heterozygotic deficiencies created by failure to recognize actual biological levels of organization at which random mating occurs is referred to as the Wahlund effect (Wahlund 1928) .
Violating assumptions when interpreting genetic data and the subsequent deviations in genetic parameters from random expectations can often provide insights into the biological characteristics of the species under investigation. For example, our analysis of the populations of fishers from Vermont suggests that we have failed to recognize some level of breeding structure embedded within the landscape. Our results in other states confirm and support this conclusion in that they all exhibit large heterozygotic deficiencies (positive f-and F-values; Table  4) .
Theoretical work by Chesser (1991a Chesser ( , 1991b has demonstrated that mating systems involving female philopatry and polygyny, even in the presence of random male dispersal, can accrue coefficients of relationship as high as 40% without invoking inbreeding as a mechanism. Fishers demonstrate polygyny, often with a single male mating several females (Coulter 1966) . Direct techniques such as radiotelemetry also have revealed that female fishers maintain discrete territories throughout the year and that these territories may often be held throughout their lifetimes (Arthur et al. 1989; Krohn et al. 1994) . In contrast, it is thought that during the breeding season, male fishers move large distances in search of females and that these movements may be random (deVos 1951; Douglas and Strickland 1987; Garant and Crete 1997; Powell 1993) . Heterozygotic deficiencies observed within local populations in Vermont and within states throughout the north-central and northeastern parts of the fishers' range indicate the potential that some type of finescale social structure may exist. Data on movement, territoriality, and mating tactics in fishers also are consistent with the hypothesis that population structure may revolve around a social system involving female philopatry, male-dominated polygyny, and random male dispersal. In the Vermont example, we would hypothesize that breeding groups of females within which gene correlations accrue over time form finescale structure in the landscape and that dispersal of males provides the mechanism through which genetic drift is prevented from creating regional differentiation of nuclear gene frequencies across the state. This hypothesis is strengthened by the fact that the original reintroductions of fishers from Maine to Vermont occurred ubiquitously across the state (W. E. Dodge, in litt. ; Wood 1977) , thus forming a relatively uniform distribution of genetic material at the inception of this population. Genetic studies dealing with maternally inherited genetic material (i.e., mitochondrial DNA analysis) and additional telemetry studies focusing on mating tactics, dispersal patterns, and female philopatry are needed to confirm the magnitude of social structure in fishers.
